Thermostable
direct hemolysin purified from cultured filtrates of a pathogenic strain of Vibrio parahaemolyticus (1) has been reported to have potent cardiotoxic and hemolytic activities (2, 3). Intravenous injection of small doses (10 to 20 ug/kg) of hemolysin killed the rats within several hr. Electrocardiograms of rats after administration (i.v.) of hemolysin showed significant changes due to depression of intra-atrial and intra-ventricular conduction of electrical activation (4). Moreover, hemolysin was toxic to cultured myocardial cells of rats and mice, and the beating of cultured cells was stopped by the addition of low concen trations of hemolysin to the medium (5).
Hemolytic activity of hemolysin was found in the erythrocytes of rat, dog, mouse, monkey, and man (6) as listed in decreasing order of activity.
It is conceivable that both toxicity to the heart and to eryrhrocytes originates from the binding of hemolysin to a receptor which has been considered to be the gangliosides (7, 8) Hemolysin at doses of 0.1 and 0.2 ug/kg increased the potassium level about 80% higher than the control level, but did not induce hemolysis. Hemolysin at doses higher than 0.5 /eg/kg induced both hyperpotassemia and hemolysis.
As shown in Fig. 1A , the plasma potassium level increased to about ten times as much as the normal value (170 mg/I) within 1 min after administration of hemolysin at 5 iig/kg and then decreased to three times the normal level. Hemolysis occurred to only a few percent at 1 min after administration and reached a maximum in 30 min. In the in vitro experiment, potassium leakage from erythrocytes occurred immediately following the addition of hemolysin at a final concentration of 0.2 ,eg/ ml. Nevertheless, hemolysis was scarcely Erythrocytes for the electron microscopic study (Fig. 2) were sampled along the time course in Fig. 1 B-a ( developed in this early stage (Fig. 1 B) . Figure 2 shows photomicrographs of erythrocytes sampled at each time (a-d) marked in Fig. 1 B. Central concavity of erythrocytes ( Fig. 2A-b ) at 1 min was deeper than that of the control ( Fig. 2A-a) .
Cell lysis of almost all erythrocytes was observed to begin with a processus formation in parts of the peripheral surface and endo-soma gushed out from there ( Fig. 2B-c and c') . Changes in the micro structure of the membrane surface were observed as shown in Fig. 2C . It was shown that the fine structure found in the control (Fig. 2C-a) was immediately changed to a coarse and rough structure (Fig. 2C-b ) after the addition of hemolysin, and the fine structure disap peared at 20 or 60 min (Fig. 2C-c, d) . However, the control remained unchanged even at 60 min.
The above-mentioned results can be summarized as follows: Low doses of hemolysin induced hyperpotassemia, but failed to cause hemolysis.
Higher doses of hemolysin caused an abrupt hyperpotassemia (in vivo) and a potassium leakage from erythrocytes (in vitro) at a time when hemolysis was scarcely increased. Therefore, the hyperpotassemia must be mainly due to the potassium leakage from erythrocytes. Though the recovery process for the potassium level was undetermined, it might be due to the reuptake into cells and/or urinary excretion.
Although cell lysis was found to begin at a part of the peripheral surface, the change of membrane to a coarse and rough structure was found all over the surface of the membrane, and the change occurred coincidently with the potassium leakage and deepening in the central concavity of erythrocytes, which might be due to the decrease of cellular volume by the leakage of some intra-cellular fluid with ions.
All these findings indicate that the mecha nism of potassium leakage from erythrocytes may be different from that of hemolysis, although it can not be denied that hemolysis was secondarily caused by the abrupt change of the membrane to a coarse and rough structure.
Furthermore, hemolysin should have a great influence on the heart, not only by its direct toxic action, but also by the secondary effect caused by such a high plasma potassium concentration.
